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ABSTRACT

CC-Chemokine receptor like 2 (CCRL2) is the newest member of the atypical chemokine receptor family,
a set of proteins which tend to act as “decoy receptors”, causing a chemoattractant gradient of their
ligands. Using SYBR-Green and Tagman RT-PCR analysis of murine tissue, this study aimed to
characterise the expression of CCRL2 in the spleen, thymus and lymph nodes. Using specifically
designed primers, the PCR techniques detected an alternative, “long”, spliced variant of CCRL2 within
the thymus. CCRL2 mRNA expression was also defined over 8 days, during the lifetime of the germinal
centre. CCRL2 mRNA expression was measured within B cells, the germinal centre or the T Zone. Due to
its high expression within plasma B cells at days 4 and 7, CCRL2 may be involved in plasma cell exit from
the GC. However, CCRL2 mRNA was also expressed within the germinal centre on days 7 and 8, which
may suggest the receptor also has a role in germinal centre breakdown. Finally, this study also started
the process of monoclonal antibody production to murine CCRL2. CCRL2 DNA was successfully cloned
into a plasmid vector and transformed into E. coli in preparation for transfection into a mammalian cell

line.
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1. INTRODUCTION

The spleen is a secondary lymphoid organ located in the abdomen, connected to the stomach and
located directly below the diaphragm (1). It has a very distinct architecture, where different cells are
split into distinct areas within either red or white pulp (reviewed by Mebius and Kraal (1)). The red pulp
has the capacity to filter the blood and remove old erythrocytes and recycle iron (1). The white pulp,
however, is a zone of clonal expansion of activated B cells, with a structure similar to that of the lymph

node (1). This study focuses on the white pulp area.

1.1 The White Pulp

The lymphoid area of the spleen is the white pulp, where T and B cells are located in specific
compartments, which allows for B cell hypermutation and differentiation. A central arteriole is
surrounded by the T cell zone (TZ), also known as periarteriolar lymphoid sheath (PALS). Next to the TZ
are the follicles (which house the majority of naive B cells) and is surrounded by the marginal zone (MZ2).
The marginal sinus is the site of entry for lymphocytes, macrophages and dendritic cells, and this is the
area which separates the red and white pulp (2). Although similar, the precise architecture of the white

pulp differs between human and mouse, particularly in the marginal zone (1, 3) (figure 1.1).

As stated, the white pulp is a compartment which allows for B cell hypermutation and differentiation.
Although B cells can be presented antigen by T cells, they can also respond directly to antigen as long as

it is able to cross-link the B cell receptor (BCR) (2).

1.2 T-cell dependent and T-cell independent responses

A T-cell dependent response (TD) is an antibody response by B cells which is induced by protein
antigens. Antigen is taken up by B cells which present it to T cells; recognition of the same antigen by
both B and T cells allows reciprocal activation of each other (2). Subsequent costimulation of the T cells
permits it to induce somatic hypermutation and class switching within the B cells (2), leading to the

formation of germinal centres.
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Figure 1.1. Comparison of the splenic white pulp of a) mouse and b) human. Main differences include
the structure of the marginal zone, which in human is split into inner and outer sections. Picture adapted

from Mebius and Kraal (1)



Conversely, a T-cell independent response (Tl) does not require the collaboration of T and B cells. This is
typical for non-peptide antigens such as DNA, polysaccharides and phospholipids which do not activate
T cells (4). TI responses can be split into two types; TI-I in which the antigen react with Toll-like
receptors on the B cells surface causing activation, and TI-ll, where the antigen is able to cross link
multiple BCRs on the B cell surface (4). Both naive and experienced memory B cells participate in Tl
responses (figure 1.2) however, the memory B cells have a much enhanced response to Tl stimulation

(4). Tl responses can also lead to class switching (2) and so the formation of a GC.

1.2.1 The Germinal Centre

The Germinal Centre (GC) is defined by MacLennan as a structure which “develops in the B-cell follicles
of secondary lymphoid tissues during TD responses, where B cells undergo massive clonal expansion and
activate a site-directed hypermutation mechanism on Ig-variable region genes” (5). These GCs are made
up of distinct areas and zones which aid this process (figure 1.3). The dark zone (DZ) contains large B
cells known as centroblasts, which rapidly proliferate (on every 6-8 hours), however only 2 or 3 B cells
per GC generate expanded clones (4). While proliferating, the B cells undergo somatic hypermutation of
the variable region of their antibody genes (4, 6). Somatic hypermutation is within the variable domains
of the immunoglobulin, occurring via single nucleotide changes or microdeletions (7) and causing either

enhanced or reduced affinity for the receptor to antigen.

Within the light zone (LZ) are smaller, nonproliferating centrocytes which are derived from the larger
centroblasts (6). These smaller cells compete for binding of antigen present by follicular dendritic cells
(6), with high affinity receptors out-competing low affinity ones and thus enabling cell survival. The
remaining B cells die via apoptosis due to lack of stimulation from the B cell receptor-antigen complex
(2). Two-photon laser-scanning microscopy has shown that B cells are able to move from the DZ to the
LZ and back again (8), however these results are regarded by many as controversial. Successfully
selected B cells can differentiate into plasma or memory cells in the LZ (2). To ensure an antibody
response occurs early after pathogen infection, B cells can leave the GC after a small number of

proliferation cycles, however others can remain in the GC for 2 weeks (4).

10



Figure 1.2 T-cell independent and T-cell dependent antibody responses. Adapted from Zubler (4)

Key: Bn - naive B cells; Bm — memory B cells; DC - dendritic cells; FDC - follicular dendritic cells; GC -

germinal centre; MZ - marginal zone; PL - plasma cells; TH - T helper cells.
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a)

Follicular mantle

Figure 1.3. Structure of the germinal centre; a) architecture of the GC within a B cell follicle.
Proliferating centroblasts are within the dark zone, nonproliferating centrocytes in the light zone; b)

immunostaining of a mouse spleen staining for IgD and CD35 (9)
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1.3 An Overview of Chemokine Receptors

Chemokines (“chemotactic cytokines”) are a superfamily of 8-10kDa glycoproteins which allow for
various functions including angiogenesis, organogenesis and hematopoiesis. Chemokines are defined
via a set of 4 conserved cysteine residues linked by disulphide bonds (10). The two major subfamilies of
chemokines are named CC or CXC, depending on whether the two first cysteines are adjacent or

separated by another amino acid (10). Other chemokines include CX3CL1, XCL1 and XCL2 (11).

Chemokines bind to G protein coupled receptors (GPCRs) on the cell surface to produce their effect on
the target cell. GPCRs in the human genome form five main families (12), and the chemokine receptors
are found within the Rhodopsin family. GPCRs are “serpentine” receptors, with 7 transmembrane
helices connected by loops. The second intracellular loop is of particular interest: if this loop is missing
the canonical motif DRYLAIV, the receptor is unable to couple to a G protein. Such chemokine receptors

with this unusual property are called “atypical chemokine receptors” (ACRs).

It is known that GPCRs can transduce signals and cause a response in the absence of G proteins
(reviewed by Sun et al (2007) (13)), disputing the initial ideas that ACRs are “silent”. One such response
is the internalisation of the chemokine ligand, which ACRs can do so efficiently they are also known as
“interceptors” (internalising receptors). Consequences of interceptor actions have been different under
specific conditions, including acting as a scavenger in competition with typical chemokine receptors and

degradation of internalised chemokine (14).

Currently there are 5 members of the ACR family, DARC (Duffy Antigen Receptor for Chemokines); D6;
CXCR7; CC-Chemokine Receptor Like 1 and CC-Chemokine Receptor Like 2 (CCRL1 and CCRL2

respectively) (15). This study focuses on the latter of these receptors.

1.4 CCRL2

L-CCR (LPS-inducible CC chemokine receptor related gene) (16), HCR (human chemokine receptor) or
CRAM (chemokine receptor on activated macrophages) are all alternative names for CCRL2 (16-18), the
newest member of the ACR family. CCRL2 has the highest degree of homology with CCR1, an
inflammatory chemokine receptor (19). Two alternative splice variants of the receptor are known
(designated CRAM-A and CRAM-B), with different N termini (18). CCRL2 has been shown to be

expressed on almost all human hematopoietic cells (20) however it was not initially detected in B cells

13



(21). A subsequent study reported that CRAM was expressed by B cells depending on the maturation

stage of that cell (22).

As of yet, a definitive ligand for mouse CCRL2 has been described in full (figure 1.4). In 2003 Biber and
colleagues investigated chemotaxis of CCRL2 expressing HEK 293 cells when stimulated with various
chemokines (23). This suggested that CCL2, CCL5, CCL7 and CCL8 induced chemotaxis, with CCL5 having
the greatest effect (23). However, the same result was not shown in CHO cell CCRL2 transfectants
within the same study (23) and also not shown in a second chemotaxis study by a different group who
used L1.2 cell transfectants (24). A more recent study by Leick et al. researched ligands for human
CRAM and determined that the chemokine CCL19 can bind with an affinity similar to that which it binds

another receptor, CCR7 (25).

1.5 The Role of Chemokines in the Germinal Centre

Chemokines play a crucial role in the formation and maintenance of the GC. For example, before the GC
has formed, CXCL13 expressed within the follicle is required for B cell migration to this area, the
receptor CXCR5 mediating this migration (26). Conversely, CCL19 and CCL21 expressed within the PALS
attract CCR7 expressing T cells and dendritic cells to the T-zone (27). The chemokine receptor CXCR5 is

required for direction of cells to the LZ, and without CXCR4, B cells are excluded from the DZ (28).

1.5.1 CCRL2 within the Germinal Centre

Although a role for CCRL2 has yet to be established within the GC, two sets of evidence point to
functional role of this chemokine receptor. First, Otero and colleagues showed that CCRL2 knockout
mice had normal recruitment of DCs to the lung, however this was defective in antigen loaded DCs to
mediastinal LNs (19). Second, CCRL2 has been shown to be present within the B cell follicle of the

human LN using fluorescent staining (figure 1.5).

1.6 Aims of project

e To characterise the expression of CCRL2 within the spleen, lymph node and thymus of mouse
e To determine the expression of CCRL2 in B cells over the days of a germinal centre reaction

e To clone CCRL2 into a plasmid vector for the first stages of monoclonal antibody production

14



Figure 1.4 Chemokine receptors which bind the potential ligands of CCRL2; CCL5 and CCL19.
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Figure 1.5 Human lymph node B cell follicle stained for CCRL2 (red) and DAPI (gray). Image provided by

Poonam Kelay and Antal Rot, University of Birmingham.
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2. MATERIALS AND METHODS

2.1 Mice for T-independent response

Mouse work was carried out by others and is shortly summarised here. QM B18keYFP mice were
sacrificed, spleens removed and B cells sorted. C57BL6 mice were injected with these B cells and one
day later immunised with NP-Ficoll. After immunisation mice were sacrificed after 0, 1, 3, 4 or 7 days.
Spleens were removed and B cells were sorted by FACS into eYFP+, eYFP- or further into eYFP+CD138-

(donor germinal centre B cells), eYFP+CD138+ (donor plasma B cells) and eYFP-CD138- (host B cells).

2.2 Mice for T-dependent immune response

C57BL6 mice were primed with chicken gamma globulin (CGG) and after 5 weeks injected with NP-CGG

and anti-NP IgM. Mouse was sacrificed on day 8 and spleen extracted.

2.3 cDNA Preparation

2.3.1 mRNA extraction.

Tissue sections or sorted cell samples were stored at -80°C until needed. Samples were disrupted using
the QlAshredder columns (Qiagen, Crawley, UK) or via mechanical homogenisation and extraction of
MRNA was conducted using the RNeasy Mini kit (tissue samples and sorted cells >20,000 in number) or
RNeasy Micro kit (sorted cells <20,000 in number) (Qiagen) as per the manufacturer’s instructions. RNA

was eluted in 30ul of RNAse free water and stored at -80°C until required.

2.3.2 cDNA preparation

cDNA was prepared by one of two methods. Either the 30ul RNA sample was mixed with 3ul random
primer (Promega Biosciences, CA, USA) and denatured at 70°C for 10mins. This was shock cooled on ice
and 27ul of reverse transcription mix was added (table 2.1). The sample was incubated for 1hr at 41°C
and subsequently at 90°C for 10mins. In the second method the sample was diluted to 833ng of RNA in
a 14pl solution and to this 6ul of Superscript VILO reverse transcription mix was added (Invitrogen,
Paisley, Scotland; table 2.1). Sample was heated to 25°C for 10 mins, 42°C for 60mins and subsequently

85°C for 5mins. Prepared cDNA was stored at -20°C until needed.

2.4 Laser capture microdissection

17



6um spleen sections from mouse in 2.2 were cut using a cryostat (Bright Instruments, Huntington, UK)
and picked onto PALM Membrane Slides NF (PALM Microlaser Technologies, Bernried, Germany) and
adjacent sections were cut onto teflon framed glass slides. All were fixed in acetone at 4°C for 20mins.
PALM slides were stained in 1% cresyl violet for 2.5mins, were washed sequentially in 50%, 70% and

100% ethanol and subsequently air dried.

Stained glass slides were used as a reference for sections to be cut from the PALM Membrane Slides NF.
Laser capture microdissection was performed using a Microbeam HT microscope (PALM Microlaser
Technologies) and Palm@Robo software version 3.0. Microdissected areas were captured into 20ul RLT

buffer (Qiagen) and cDNA prepared as previously described (section 2.1)

2.5 Tagman Semiquantitative Real Time PCR

1ul of cDNA preparation added to a well of a 384 well plate along with relevant primers and probes
(appendix A) with 1x Tagman Universal PCR Master Mix (all Applied Biosystems, CA, USA). The plate is
covered with clear adhesive foil (Applied Biosystems), vortexed and centrifuged (short spin up to
2000rpm). Wells contained primers specific for both target gene and housekeeping gene (B2-
microglobulin, [B2M]) according to previous optimisation experiments. Plate was loaded into an ABI
7900 Real-time PCR machine (Applied Biosystems) with a temperature cycle as shown in table 2.2.
Fluorescence analysis was performed by SDS 2.2.2 software (Applied Biosystems) with a threshold set
manually during the logarithmic phase of the PCR. The cycle where signal above threshold was obtained
(Ct) was recorded for each sample, and relative quantity of target gene expressed deduced by taking ACt

ACt

(Ct-sample minus Ct-housekeeping) and calculating 2 A one-tailed Mann-Whitney U Test was

performed to test statistical significance.

2.6 SYBR Green Real Time PCR

13.5ul SYBR Green PCR reaction mix (table 2.1) was added to each well, made up of either forward and
reverse primers for CCRL2 or the housekeeping gene hypoxanthine-guanine phosphoribosyltransferase
(HPRT). RNA extracted from thymus, spleen and lymph node by others had cDNA prepared as
described. This was diluted 5x and 11.5ul added to the wells. Plate was loaded into Stratagene
Mx3000P machine (Agilent Technologies, Edinburgh, UK) with the cycle shown in table 2.2.

Fluorescence analysis was performed using MxPro Software.

2.7 Western Blot

18



2.7.1 Protein preparation from tissue

Thymus, spleen, mesenteric lymph node (MLN) and inguinal lymph node (ILN) extracted from 8 week
C57BL6 mouse and frozen in liquid nitrogen until needed. Tissues were dissected and appropriate
amounts of RIPA lysis buffer were added depending on the mass of the tissue (300ul lysis buffer for
every 5mg tissue). Tissues were homogenised and left on a shaker at 4°C for 2 hours. Samples were

centrifuged at 4°C for 20mins at 12000 rpm and kept at -80°C until needed.

2.7.2 Protein concentration determination

Protein concentration of each sample was determined using Pierce BCA Protein Assay Kit (Thermo

Scientific, MA, USA) as per the manufacturer’s instructions.

2.7.3 Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Separation gel was made up to a 15% acrylamide. Markers used were Pageruler Plus Protein Ladder

(Fermentas Life Sceinces, St. Leon-Rot, Germany). 11ug total protein was loaded.

2.7.4 Western Blot

Proteins transferred from gel to membrane and membrane blocked overnight with 5% milk PBS-
0.1%Tween (PBST). Incubated 1hr in mouse anti-B-actin antibody or polyclonal rabbit anti-mouse CCRL2
antibody (Sigma-Aldrich, Poole, UK) in 5% milk PBST and subsequently washed three times for 15mins in
PBST. Further incubation for 1hr in biotinylated-goat anti-mouse-IgG (Invitrogen) or anti-rabbit 1gG-
biotin (Sigma-Aldrich) in 5% milk PBST and washed as before. Final incubation of 1hr with strepavidin
peroxidise (Sigma-Aldrich) in 5% milk PBST before five 5min PBST washes. Blots developed with

Chemiluminescent peroxidase substrate (Sigma-Aldrich).

2.8 Fluorescence staining of spleen sections

Spleen sections were cut by others onto glass slides using a cryostat to a thickness of 6um. Sections
were blocked for 15min with 10% goat serum before being stained with polyclonal rabbit anti-mouse
CCRL2 antibody (Sigma-Aldrich) for 1 hour. Slides were washed in PBS before application of polyclonal
goat anti-rabbit-biotinylated (Dako, Ely, UK) secondary antibody for 30 mins. After another wash step
slides were incubated with streptavidin-555 (Invitrogen) in the dark for 20mins. A further wash step was
conducted before the slides were stained with DAPI and washed 3 times. 1 drop of Vectashield

Mounting Medium (Vector Laboratories, Peterborough, UK) was added to each spleen section before
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coverslip added and sealed using clear nail varnish. Slides were viewed using a Leica Microscope

DM6000.

2.9 Production of plasmid vector containing CCRL2 DNA

2.9.1 Transformation of E. coli

2.9.1.1 Amplification of CCRL2 DNA

A commericially available vector carrying myc-dkk c-terminal tagged CCRL2 cDNA (Origene, MD, USA)
was used as a template for CCRL2 amplification. The reaction was designed to remove the tags and add
a stop codon as well as restriction enzyme sites to enable further cloning. Two sets of alternative
forward primers were used that amplified from the ATG start codon or included an upstream sequence

containing a ribosomal binding site with Kozac sequence (table 2.1 and PCR program in table 2.2).

2.9.1.2 Ligation of CCRL2 DNA with plasmid vector

Amplified DNA plus negative controls were separated on a 1% agarose gel with SYBR Safe, all
subsequent agarose gels used this method. The agarose with DNA of expected product size (1150bp)
were cut from the gel and purified using GenelET Gel Extraction Set (Fermentas Life Sciences) as per the
manufacturer’s instructions. Further visualisation of the gel ensured that all DNA extracted. DNA
concentration was determined using a Nandrop 1000 Spectrophotometer (Thermo Scientific). The
vector pLNCX2 (ClonTech, USA, Appendix B) and amplified CCRL2 DNA were incubated with Sall and
HindIII restriction enzymes in 2x Tango buffer, as recommended by Double Digest application
(Fermentas Life Sciences) or incubated with HindIII and Sall enzymes separately. The DNA was purified
using a PCR purification kit (Fermentas Life Sciences) as per the manufacturer’s instructions. The
restriction digest was evaluated using agarose gel. The vector pLNCX2 was incubated with either the cut
HindIIl or HindIII-ATG amplified CCRL2 DNA with the LigaFast Rapid DNA Ligation System (Promega

Biosciences), as per the manufacturer’s instructions.

2.9.1.3 Transformation of E. coli with vector containing CCRL2 DNA
50ul aliquots of a-select chemically competent cells (Bioline) were stored at -80°C until required, and

were thawed on wet ice. 5ul of ligated vector was added to the cells were and incubated on ice for
30mins. The bacteria were transformed by heat-shock at 42°C for 30-45s and subsequently incubated
on ice for 2mins. 945ul of SOC media was added and tubes incubated for 1hr at 200rpm at 37°C. The

transformed bacteria were plated on agar with carbenicillin (Bioline, London, UK) and incubated
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overnight at 37°C. Individual colonies were thereafter grown in LB broth with carbencillin on shaker

overnight at 37°C.

2.9.2. Determination of positive plasmid clones

Overnight bacterial colonies were used for vector purification using GenelET Plasmid MiniPrep
(Fermentas Life Sciences) as per the manufacturer’s instructions and incubated overnight with Sall and
Xhol restriction enzymes in Buffer O, as recommended by Double Digest application (Fermentas Life
Sciences). Samples analysed using agarose gel. Positive clones were sequenced at The University of

Birmingham Biosciences Department using forward and reverse primers for the vector (appendix B).
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Table 2.1 Reaction Mixtures and buffers.

Reverse Transcription Mix

SuperScript VILO
Reverse

Transcription Mix

SYBR Green PCR Mix

CCRL2 Amplification

Reaction Mix

12ul 5x first strand buffer

(Invitrogen)

2ul 10X SuperScript

Enzyme Mix

12.5ul SensiMix 2 times

0.4pl 10mM dNTP

6ul DTT 0.1M (Invitrogen)

4pl 5X VILO

Reaction Mix

0.5ul SYBR Green

4ul 5X Phusion HF
Buffer (New England
Biolabs)

3ul dNTP (10mM)

(Invitrogen)

3ul Moloney murine
leukemia virus reverse

transcriptase (Invitrogen)

1.5ul RNasin RNase inhibitor

(Promega)

1.5pl RNase free water

0.25pl 20uM CCRL2

Forward primer

0.5pl 20puM CCRL2

forward primer

0.25p! 20pM CCRL2

Reverse primer

0.5pl 20puM CCRL2

reverse primer
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13.4pl water

0.2ul Phusion DNA
polymerase (New

England Biolabs)




Table 2.2. PCR cycling programmes.

Semiquantitative Real-time

SYBR Green PCR

CCRL2 Amplification PCR

PCR
50°C for 2mins 95°C for 10min 98°C for 30s
95°C for 10mins 95°C for 20s 98°C for 10s For 37
o o o cycles
95°C for 15s 65°C for 20s For 40 cycles 72°C for 45s
For 40 cycles .
60°C for 1min 72°C for 30s 72°C for 2mins

Tmelt curve addition

4°C until DNA needed
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3. RESULTS

3.1 Presence of an alternative splice variant of CCRL2 in the thymus.

3.1.1 SYBR Green Real Time PCR analysis of thymus, spleen and inguinal lymph node sections

Previous work within the group had suggested that CCRL2 mRNA is spliced differently in the thymus —
indicating the possible existence of a longer form of the protein. These previous findings were
supported in this study using SYBR Green PCR and analysing the dissociation curve of CCRL2 cDNA
prepared from mouse thymus, spleen and ILN (figure 3.1). Both the spleen and ILN sections had a
melting temperature (Tmelt) of 82°C. However, even though the thymus had a minor peak in

fluorescence at 82°C, the major fluorescence was seen at 85°C.

3.1.2 Tagman real-time PCR of thymus, spleen and lymph node sections

3.1.2.1 Optimisation of Tagman real-time PCR CCRL2 long and short primers

To further determine differences in long and short forms of the CCRL2 transcript, primers and probes
were designed for use in Tagman real-time PCR applications (appendix A). Optimisation of reaction
conditions for these CCRL2 long and short primers and probes occurred in three stages. First, the
optimal primer concentration was deduced, using a checkerboard titration with forward and reverse
primers in 900nM, 300nM and 50nM concentrations. The probe concentration was kept constant. For
both the long and short CCRL2 primers, 900nM/900nM was found to be the optimal concentration for
both the forward and reverse primers (ie concentration at which the Ct was consistently at its lowest

value (figure 3.2).

Second, the optimal probe concentration was determined, where probe was diluted from 225 to 25nM
in solutions containing forward and reverse primers at 900nM (deduced optimal concentration). Both

the long and short primer probes gave the lowest Ct at 200nM (figure 3.3).
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Figure 3.1. SYBR Green RT-PCR dissociation curve for thymus, spleen and inguinal lymph node. cDNA amplified
using CCRL2 primers. Primers for experiment are listed in Appendix A.

Key (duplicates):
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Figure 3.2. First stage of Tagman real-time primer optimisation - determination of optimal primer

concentration. a) Ct against primer concentration for CCRL2 short form primer; b) Ct against primer

concentration for CCRL2 long form primer. Optimal concentration of primers is that which gives the
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Figure 3.3. Optimisation of CCRL2 a) short and b) long FAM probe. Both show Ct against increasing
probe concentration. Probe was diluted but cDNA template and primer concentration stayed constant.
Optimal probe concentration is the lowest concentration which gives the gives lowest Ct value.
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Finally, the primers were analysed for their ability to be used in a multiplex reaction with the
housekeeping gene B2M. Serial dilutions of the cDNA template were analysed with only CCRL2 primers,
only B2M primers or both together, and the relationship between dilution and Ct compared for each
(figure 3.4). The short form of the primer shows that upon dilution, the Ct value for both B2M and
CCRL2 remains similar (figure 3.4a), indicating that it is capable of being used in a multiplex reaction
with the housekeeping gene. Conversely, although at higher dilutions the long form gives similar Ct
values for both the target and housekeeping genes (figure 3.4b), at smaller dilutions it does not give any
signal when used in multiplex. Therefore, although it could be possible to use the two primers in

multiplex, to reduce risk within this study only singleplex reactions are used.

3.1.2.2 Detection of long and short forms of CCRL2 in thymus, spleen and lymph node sections using

Tagman RT-PCR
cDNA was prepared from the sections of thymus, spleen, ILN (n=3), Brachial Lymph Node (BLN) and MLN

(n=2) of 8 week wild type BL6 mice. 1ul of cDNA was loaded into a 384-well plate along with optimised
CCRL2 short (multiplexed with f2-M) or optimised CCRL2 long (singleplex) primers and RT-PCR was
performed. To ensure the results were not due to the nature of the housekeeping gene used, both
short and long isoforms were compared to the expression of B-actin mRNA. Figure 3.5 shows that with
both housekeeping genes, all tissues produced a signal with CCRL2 short primers. In this study, long
form CCRL2 was amplified not only from the thymus, but also from spleen and ILN samples. However,
the median levels of expression of the long form of CCRL2 mRNA in spleen and ILN are at least 10x lower

than expression within the thymus.
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Figure 3.4. 82-Microglobulin and CCRL2 a) short and b) long primers amplification either in
singleplex or in multuiplex. The cDNA template is diluted and primers and probes are used in
singleplex and multiplex reactions at their optimal concentrations to determine if the presence of the
housekeeping primers changes the efficiency of amplification.

Key:
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Figure 3.5. RT-PCR of spleen, thymus, ILN, BLN and MLN sections with CCRL2 long or short form
primers. Relative expression of both forms of the protein with housekeeping gene a) 62-M and b) 8-
actin.

Key:
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3.1.3 Western Blot analysis using polyclonal rabbit anti-mouse CCRL2 antibody

Thymus, spleen, MLN and ILN were extracted from an 8 week old C57BL6 mouse and homogenised to
enable the release of protein. ELISA analysis using a BCA protein assay kit enabled the determination of
the protein concentration of each tissue (figure 3.6, table 3.1) to ensure optimal amounts of sample
protein (5-20ug) was loaded onto the SDS-PAGE. Concentration determination likely to be accurate as

curve fits to points to an R? of 0.988.

Western blot analysis was performed using B-actin primary antibody (figure 3.7a) and polyclonal anti-
CCRL2 primary antibody (figure 3.7b). All four tissues had the housekeeping protein present at the
expected protein size, however CCRL2 was present between 250kDa and 70kDa, not at the expected size
of 41kDa. Also, no CCRL2 was detectable within the ILN protein preparation. It also appears that within
the MLN section there are two bands of CCRL2 present, which is also possible in the thymus and spleen
sections, however the blot is too overexposed to confirm this. CCRL2 negative tissue from CCRL2

knockout mice can be used to test possible cross-reactivity of the antibody with unrelated antigens.

3.2 The role of CCRL2 within cells of the Germinal Centre

3.2.1 Expression of chemokine receptors in sorted B cells from a T-cell independent response.

B cells from NP-specific QM mice (29) were transferred to mice which were subsequently immunised
with the Tl antigen NP-Ficoll. This causes B cell expansion and development of plasma and germinal
centre B cells around day 3 and 4. Most Tl germinal centres start to involute at day 5 due to missing T
cell help (30). B cells were sorted at different time points, cDNA was prepared and a Tagman RT-PCR
was performed as described. All experiments were conducted in a singleplex reaction except for the
short form of CCRL2 and the chemokine receptors CCR2 and CCR5, which were all used in multiplex with

B2M.
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Table 3.1. Protein concentration of thymus, spleen, mesenteric LN and inguinal LN sections as

determined from ELISA standard curve.

Average Absorbance at Protein Concentration
Tissue
562nm - Blank (ng/ml)
Spleen 0.827 1453.92
Thymus 0.594 922.40
MLN 0.590 915.23
ILN 0.399 559.33

Figure 3.6. Standard curve from ELISA analysis of protein concentration from standards provided in
the BCA protein assay kit. Protein concentration from samples determined from quadratic equation
stated.
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Figure 3.7. Western blot analysis of ILN, MLN, thymus and spleen for a) 8-actin and b) CCRL2.
Expected mass of B-actin is 42kDa and that of CCRL2 is 41kDa.

33



CXCR5 is a chemokine receptor that is important for follicular organisation, and it has also been
associated with germinal centre organisation (28). Figure 3.8 shows the expression of CXCR5 mRNA in
sorted cells. On days 3 and 4 post NP-Ficoll immunisation, the expression of this receptor on activated B
cells is significantly reduced compared to that on the non-activated host B cells (p=0.01). Upon reaching
day 7 CXCRS5 levels in GC cells have become similar to unstimulated follicular host B cells, while it is

undetectable in plasma cells (p=0.03).

To determine whether CCRL2 has a role during B cell differentiation its expression was detected using
RT-PCR (figure 3.9). CCRL2 is present in baseline levels on unactivated cells on day 0 and day 3. Four
days after immunisation CCRL2 mRNA is present on plasma B cells, while on GC B cells it is expressed at
baseline levels (p=0.01), with plasma cells having approximately 10x more expression of CCRL2 mRNA.
By day 7, there is no difference in CCRL2 expression on plasma cells, however, GC B cells at this stage
now also express the mRNA at a level similar to that of plasma B cells. However, the difference between
days 4 and 7 GC B cells is insignificant (p=0.1), even though the figure would suggest otherwise. The
likely cause of would probably the single anomalous result where the mRNA expression of CCRL2 10x

lower than of the other GC B cell samples.

On day 7 non-activated host B cells seem to express lower levels of CCRL2 mRNA than the transferred B
cells. This difference, however, was insignificant. It is possible that this is due to a mix up in 2 samples
from one of the four mice used in this experiment (figure 3.9), indicating that the experiment should be

repeated.

CCRL2 long form primer was also tested on all these samples and was undetectable in each sample (data

not shown).
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Figure 3.8. Expression of chemokine receptor CXCR5 in B cells sorted on different days after a T-cell independent

immune response. * p=0.03; ** p=0.01

Key:
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Figure 3.9. Relative expression of CCRL2 short form in B cells sorted on different days after a T-cell independent

immune response. *p=0.01

Key:
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Figures 3.10 and 3.11 show the expression mRNA coding for other chemokine receptors on the sorted B
cell population, particularly those which potentially share ligands with CCRL2 (figure 1.4). CCR7 binds
the chemokine CCL19, and its mRNA expression is shown in figure 3.10. It shows that CCR7 is expressed
on non-activated B cells. mRNA expression on activated GC cells is also high. However, at day 7 a vast
difference (100x less) of CCR7 mRNA is shown within plasma cells (p=0.02). It should also be noted that
this is the only chemokine receptor studied where expression on the mRNA level appears to be higher

than that of the housekeeping gene.

The final three chemokine receptors to be studied were CCR1, CCR4 and CCR5 (figure 3.11). These three
receptors all bind CCL5, another potential ligand for CCRL2 (figure 1.4). All of these chemokine
receptors show an increased expression in early GC B cells (day 3 and day 4). Interestingly, host cells
showed an increase in this chemokine receptor at the same time. On day 7, all sorted cell populations

had lost expression of all 3 chemokine receptors.

3.2.2 Attempt to stain for CCRL2 expression in whole spleen sections

Although the antibody ordered from Sigma-Aldrich was tested by the company on spleen sections in a
Western blot analysis, it had not been previously tested for tissue staining. For this purpose, the
antibody was used to stain 6um spleen sections of day 7 Tl response, where CCRL2 shown to be
expressed in plasma and germinal centre B cells from RT-PCR data. A negative control was also used,
where there was no primary antibody present (figure 3.12a). Fluorescence was greater in the section
with anti-CCRL2 antibody (figure 3.12b) showing that the staining is due to primary antibody. However,
the staining does not localised to B cells. Staining of CCRL2 negative tissue from CCRL2 knockout mice
will deduce if this staining is specific for CCRL2, or due to cross reactivity with other antigens. If this is
not the case, further optimisation of the antibody concentrations may be worthwhile. This experiment

confirms the need for better reagents to stain for CCRL2 tissue sections.
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Figure 3.10. Expression of chemokine receptor CCR7 in B cells sorted after a T-cell independent
response. CCR7 binds the chemokine CCL19, which has been shown to bind the human CCRL2 receptor

CRAM (25). *p=0.02

Key:
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Figure 3.11. Expression of chemokine receptors a) CCR1 b) CCR4 and c) CCR5 in B cells sorted after a T-
cell independent response. These chemokine receptors all bind the chemokine CCL5, which has

previously been suggested as a ligand for CCRL2 (23). Key:
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Figure 3.12. Staining of day 7 spleen from a T-cell independent immune response where CCRL2 shown by RT-
PCR to be present in sorted B cells; a) negative control with DAPI, b) CCRL2 staining with DAPI.
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3.2.3 Expression of CCRL2 in microdissected spleen sections of a T-cell dependent response

Mice primed with CGG had the spleen extracted 8 days post NP-CGG immunisation. Spleen sections
were cut onto a PALM membrane slide and subsequently dissected using laser assisted microdissection.
Due to time constraints, only GC (n=4), TZ (n=4) and membrane negative control (n=2) areas were cut.
Firstly, the sections were tested for the transcription factor IRF-4 and B2M, as a positive control for

cDNA preparation (figure 3.13a) and were then tested for CCRL2 both short and long form (figure 3.13b).

The membrane negative control had undetectable levels of IRF-4 and B2M cDNA (data not shown) but
both GC and TZ areas had detectable levels of both (figure 3.13a), indicating cDNA preparation had been
successful. Upon detection of CCRL2 short form, it was shown that it is present in significantly higher
levels within the GC than within the TZ (p=0.01). The long form was undetectable in both GC and TZ

samples (data not shown).
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Figure 3.13 RT-PCR of microdissected GC and TZ areas of a spleen section 8 days after a TD
response; a) IRF-4 indicates microdissection and cDNA preparation successful; b) CCRL2 short
primers. *p=0.01
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3.3 Cloning of the CCRL2 gene to produce a transfected cell line that can be used for monoclonal

antibody production

Previously prepared CCRL2 cDNA was amplified using forward primers that contained an additional
HindIII or HindIII-ATG restriction site, and a reverse primer containing a Sall restriction site. The PCR
product was separated on a 1% agarose gel to ensure amplification was successful and also that the
CCRL2 amplicon was not contaminated (figure 3.14a, expected product size 1150bp). Gel containing
amplified DNA was cut out and the DNA extracted (figure 3.14b). DNA was purified to a final
concentration of 8.2ng/ul and 8.8ng/ul for the HindIII and HindIII-ATG DNAs, respectively.

DNA inserts, plus the plasmid vector pLNCX2 were then incubated with HindIIl and Sall restriction
enzymes within a 2x Tango buffer, as recommended by Fermentas. Comparison of digested and
undigested plasmid by 1% agarose gel (figure 3.15a) revealed that the digest had been successful for at
least one of the enzymes, but whether both enzymes had successfully “cut” the DNA could not be
confirmed until bacterial transformation. Therefore, a separate experiment where the plasmid and

insert were incubated with HindIII and Sall restriction enzymes separately was also conducted.

Ligation of the CCRL2 insert into the plasmid vector enabled subsequent transformation of bacteria.
Colonies were produced on both HindIIl and HindIII-ATG plasmid ligated plates when the restriction
enzymes were used both separately or together. To determine if any bacterial colonie